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At some institutions, this is provided by anesthesiologists or nurse anesthetists; at others by pediatricians, radiologists, critical care medicine physicians, or others; and still at others by nurses with varying degrees of training and supervision. 1 The Pediatric Sedation Research Consortium found no difference in the rates of major complications from sedation when performed by nonphysician providers, including nurses, compared with anesthesiologists (odds ratio, 0.5-5.4). 2 However, these findings were from facilities "with extensive support processes (e.g., Children's Hospitals)," where events such as decreasing hemoglobin saturations (Spo 2 ) were recognized and promptly acted on by anesthesiologists and/or nurse anesthetists. 2, 3 These findings show that it is reasonable to expect that sedation can be safely provided by trained nurses with oversight by anesthesiologists and/or nurse anesthetists.
Many countries, states, or other jurisdictions have legal barriers to nurses performing sedation with "anesthetics" such as propofol or dexmedetomidine.
a Consequently, little is known about what can be accomplished by such nurses on a sustained basis when working at a hospital with sedation protocols and supervision by an anesthesiologist (or nurse anesthetist) who is involved in patient and procedural assessments and promptly available to manage unexpected events and where propofol and dexmedetomidine use is accepted. Assessment of the practicality and sustainability of such a program is needed for departments and institutions to determine the value of such an activity to their institution and for policymakers to evaluate the compensation of anesthesiologists for managing the sedation program 4 and supervising the sedation nurses.
In January 2007, the Department of Anesthesia at the University of Iowa started an anesthesiologist-supervised nurse sedation program to (1) address safety concerns associated with minimally trained physicians and nurses performing sedation without anesthesia involvement, particularly in pediatric patients; and (2) provide care without needing to hire additional anesthesiologists and nurse anesthetists (which at that time were unavailable). In an earlier publication, based on the first 12 months of the sedation program, we reported that the service did not cannibalize the practice of general anesthesia (GA) or monitored anesthesia care (MAC) for diagnostic imaging procedures 5 ; doing so would have been economically disadvantageous in the United States given lower reimbursement for procedural sedation rather than time-based anesthesia services. The (new) sedation cases were drawn mostly from other specialties that had previously been providing their own sedation care (e.g., pediatricians, radiologists) as well an increase in the absolute numbers of patients receiving more than minimal sedation. 5 However, that report was based on sedation protocols primarily using pentobarbital. 5 Starting in September 2008, clarification of Iowa nursing regulations permitted a change in sedation protocols, specifically allowing the use of propofol.
b Dexmedetomidine was added to our protocols at approximately the same time.
In this article, we describe the growth of the department's workload of diagnostic imaging, endoscopy, bronchoscopy,
In 2007, the Department of Anesthesia at the University of Iowa established an anesthesiologist-supervised nurse-managed sedation program. In 2008, the use of propofol and dexmedetomidine by nurses was approved in Iowa. We reviewed 11,038 elective sedation cases done between January 1, 2007, and June 30, 2014. Caseload increased from 170 to 470 cases/ quarter. Propofol use increased from 0% to approximately equal to 70% of cases and dexmedetomidine from 0% to approximately equal to 25% of cases. There were no safety issues. The number of nurses working each day (on average) increased from 2.2 to 4.7, but supervising providers remained at 1/day. There were no changes in general anesthesia or monitored anesthesia care cases performed for comparable procedures. Trained, supervised nurses can safely administer propofol or dexmedetomidine to selected patients for a wide variety of procedures. (A&A Case Reports. 2016;6:402-10.) and minor procedures (e.g., lumbar punctures and bone marrow biopsies in children) achieved with specially trained and supervised sedation nurses. In addition to providing an overview of the experience, and quantifying the caseload that can be managed without an increase in the number of supervising anesthesiologists, we revisited the question of whether this program impacted on the number of time-based GA or MAC cases. 5 
CASE DESCRIPTION
All sedation nurse-managed procedures were recorded prospectively, beginning in January 2007, as part of a departmental quality improvement process registered with the hospital's Clinical Quality, Safety and Performance Improvement Office. Analysis and reporting of these data were approved by the University of Iowa institutional review board.
This report is based on 11,038 scheduled, elective cases performed on working weekdays by the sedation team between January 1, 2007, and June 30, 2014. The team does not provide emergency or after-hours services.
Each workday, 1 anesthesiologist (typically a pediatric anesthesiologist) or nurse anesthetist with pediatric experience supervised 1 to 5 sedation nurses working in 1 or more of 14 different locations throughout the hospital.
c The anesthesiologist or nurse anesthetist reviewed the patient history and sedation plans for each case. They remained physically present throughout the selected cases (based on patient and procedural needs) and were immediately available for all others. The sedation nurse was in immediate control of drug administration and patient monitoring during the procedure, as per established protocols specific to each procedure and type of patient. 1 All sedation team nurses are specially trained and certified by the sedation team director. All nurses are advanced cardiac life support and pediatric advanced life supportcertified and have received didactic education (written and lectures) covering the spectrum of sedation-related topics including patient assessment, pharmacology, airway management, sedation levels, concept of rescue, and drug protocols. Each completes formal airway skills training in the operating room (OR) working with both adults and children with an emphasis on bag-mask and laryngeal mask rescue techniques (and these OR sessions are repeated on a periodic basis). This is supplemented by simulation training to expose them to potential airway issues such as laryngospasm, airway obstruction, allergic reactions, and equipment malfunctions (also repeated periodically). Each new nurse is preceptored by a senior nurse who guides them through skills such as IV setup and placement, infusion pump management, sedation and medication protocols, as well as data collection. The senior nurse (along with the supervising faculty or nurse anesthetist monitors) assesses and documents the performance of each new nurse for several sedation sessions (although the number of required sessions is not fixed). Periodic group meetings provide reviews of interesting, nearmiss, or problematic sedation cases. Every new protocol or expansion of services requires an "in-service" for all sedation nurses. Additional details of the specific practice can be found in the 51-page sedation packet for the anesthesiologists, nurse anesthetists, and nurses participating in the program. This document is included as an Appendix (Supplemental Digital Content, http://links.lww.com/AACR/A77). Figure 1A shows the progressively increasing activity of the sedation team, from a case load of 113 in the first quarter of 2007 to 533 in the second quarter of 2014. The average quarterly case load increased from 170 ± 44 (mean ± SD) cases/quarter in 2007 to 470 ± 76 cases/quarter in the first 6 months of 2014. The increase over the 7-year period averaged 46.8 ± 4.2 cases/quarter.
d Figure 1B also shows the dramatic shift toward the use of propofol (from 0% to 70% of cases) and dexmedetomidine (from 0% to 25%) over the 7 years, beginning shortly after the September 2008 change in nursing regulations. The mean number of sedation nurses providing care each day increased from 2.2 in 2007 to 4.7 in 2014. However, the number of anesthesiologists or nurse anesthetists supervising their activities remained at 1 per day.
The patient population served by the sedation team was predominantly pediatric (Table 1) ; 91.6% of patients were ≤18 years old (and 20.4% being ≤2 years old). Of the patients, 91.7% were classified as American Society To check these values inferentially, the changes over time in caseloads were quantified using least absolute deviations (SYSTAT 13.1; Systat Software, Inc., San Jose, CA). The method is robust to outliers and does not assume a normal distribution of data. Calculations were performed using the simplex method.
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A & A CASE REPORTS of Anesthesiologists physical status I or II. Forty-one percent of cases were for various imaging studies (computed tomography, magnetic resonance imaging, or positron emission tomography) with another 37.53% involving various pediatric gastroenterologic procedures (all ages combined).
A summary of various intraprocedural and postprocedural events is shown in Tables 2 and 3 . Nineteen cases (0.2%; 12 for magnetic resonance imaging or computed tomography scanning, 6 for gastrointestinal procedures, 1 for an examination under anesthesia) required conversion to either MAC or GA as a result of inadequate sedation in the face of maximal protocol-mandated sedative doses. Eight were converted to MAC (via higher doses of agents) and 10 required GA (4 with laryngeal masks, 3 with an endotracheal tube, and 3 with mask). No detailed records were available for 1 patient (done in 2007). Two of these patients were admitted after the procedure, 1 for reasons unrelated to sedation (patient 4; Table 4 ) and the other with a probable aspiration pneumonitis (patient 5; Table 4 ).
Twenty-two patients (0.19%) were admitted to the hospital after the procedure. All of these patients, along with procedural details, are listed in Table 4 . In 7 cases, admission was unrelated to sedation (e.g., probable postdural puncture headache following a diagnostic lumbar puncture, admission to manage a fever associated with an indwelling peripherally inserted central catheter, etc.) with 1 patient admitted back to an inpatient room after it was decided to convert a sedation procedure to a general anesthetic (procedure and anesthetic uneventful). In 10 patients, admission was related to intraoperative or postoperative respiratory difficulties (most typically desaturations requiring oxygen therapy) and 5 as a result of nausea and/or vomiting, dizziness, or hypotension (after dexmedetomidine). The average postprocedure length of stay was 1.3 days (median, 1 day; range, 0-6). Four patients were admitted to the pediatric intensive care unit (patients 5, 9, 15, and 16 listed in Table 4 ), 2 for respiratory difficulties, 1 for hydration and observation, and 1 for seizure monitoring. The median age of admitted patients was 3 years (range, 0.33-13 years).
We also reviewed scheduled, elective GA and MAC cases performed during the same working weekday hours for procedures comparable to those covered by the sedation team (e.g., imaging, endoscopies, and minor invasive procedures). Nausea and/or vomiting during or after sedation and within 24 h of the sedation event; there were 4 such patients admitted, 3 overnight (Table 4) 1.4%
Delirium, irritability, agitation, dysphoria, hallucinations noted within 24 h of a sedation event as told by the parent or patient 0.6% Persistent sleepiness/drowsiness noted after discharge (at home) and within 24 h of sedation event by parent or patient 0.5%
Prolonged sedation defined as dexmedetomidine recovery >3 h after infusion was stopped; propofol recovery >1.5 h after infusion was stopped; or midazolam recovery >1.5 h after last dose of medication 0.1% Less than 90% saturation (may not apply to patients with congenital heart disease) or decrease in saturation >5% of baseline for >60 s; not amenable to usual interventions such as blow by oxygen, position change, jaw thrust, or short duration of bag-mask ventilation; there was 1 such patient admitted to the hospital ward for observation.
0.3%
Change to MAC or general anesthesia after procedure has started and sedation deemed inadequate for procedure to continue safely; two patients admitted (Table 4) 0.2% Cardiovascular collapse/arrest 0% MAC = monitored anesthesia. Table 1 . Patients receiving GA/MAC were older than those cared for by the sedation team although the fraction of patients aged ≤2 years was comparable (19.5% vs 20.4%). A larger fraction of GA/MAC patients were American Society of Anesthesiologists physical status III, IV, or V. As a result of recording and definitional differences, statistical comparisons of "anesthesia times" between sedation and GA/MAC cases are not appropriate, and "procedure times" were not recorded for GA/MAC cases. However, the average procedure time for sedation cases was <30 minutes.
DISCUSSION
In this article, we report the results of establishing and managing an anesthesiologist-supervised nurse sedation program for diagnostic imaging, endoscopy, bronchoscopy, and minor procedures, predominantly using propofol or dexmedetomidine. We show a large, progressive increase in caseload, performed by a growing number of nurses but without increasing the number of supervising anesthesiologists or nurse anesthetists (1 per day). During this same period, the GA/MAC caseload was stable.
The principal factor influencing the economics of sedation from a societal perspective is not an issue such as workflow or patient characteristics, 6 but rather the simple fact that anesthesiologists or nurse anesthetists delivering sedation are more expensive than nurses. 7 In our institution, staffing 4 to 5 sedation locations per day, using either anesthesiologist-supervised nurse anesthetists or anesthesiologists working alone, would have a direct cost, based on salaries alone, of more than twice that for a supervised nurse sedation team. This is obviously an incomplete cost estimate because, for example, it does not include a "cost per case completed" analysis. It is possible, for example, that sedation nurses can complete fewer cases per day than an anesthesiologist or nurse anesthetist. This may, in fact, be true at our institution because sedation nurses are frequently called on to provide more extensive preprocedural assessments than other providers and often provide postsedation recovery care attributable to the lack of recovery facilities or personnel in some of their work locations, thereby delaying the start of the next case. Sedation cases are also often not scheduled optimally and are in widely separated locations. However, these are organizational issues, not something inherent in nurse-managed sedation.
One time-motion study of patients undergoing magnetic resonance imaging under radiologist-supervised nurse sedation versus anesthesiologist-managed GA showed minimal time/case differences with patients receiving GA actually spending more postprocedural time than those receiving sedation alone. GA was not more "efficient" timewise. 7 When time-motion studies were performed for diagnostic radiology, the total nursing time was comparable between sedation with a nurse versus GA with an anesthesiologist because the patients cared for by an anesthesiologist spent longer in recovery with a nurse. 7 When all of the corresponding times and drugs were considered, the differences in cost between sedation and GA were negligible except for the cost of the anesthesiologist's time. 7 However, the time-motion study considered just the time and the motion, not the departmental processes needed to sustain an anesthesiologist-managed sedation nurse program over years. The data from our article show that such a model can be initiated and sustained.
The principal factor influencing the economics of a nurse sedation practice from a departmental perspective is payment from insurers. In the United States, payment for a timebased GA/MAC is higher than for sedation managed by a nurse, regardless of how that nurse is supervised (because such nurses cannot bill on the basis of time). However, such payment decisions are based on insurer policies that can change over time and among geographic regions.
e As each institution considers application of our work, its local payment for nurse sedation and/or anesthesia provideradministered GA/MAC can be considered. The local budgetary analysis is simply the arithmetic of comparing the difference between the annual costs of nurse anesthetists (or anesthesiologists) and sedation nurses versus the incremental added reimbursement (if any) when sedation is administered by the anesthesia provider (and billed as MAC). The relative availability of anesthesiologists, nurse anesthetists, and sedation nurses also plays a role. However, the revenue generated (for the institution) as a result of the growth in procedural services made possible by readily available and safe sedation adds complexity to the overall economic calculations.
One unanswered factor is "how many sedation nurses and sedation cases can be managed each day by how many supervising anesthesiologists?" As shown, we doubled the number of nurses and almost tripled the number of cases without increasing supervisory personnel.
c To date, this has not posed any operational problems. However, the limit is probably linked to the number of nurses working each day, not to caseload per se. Each sedation nurse managed, on average, 2 to 3 cases per day with caseload limited by such factors as case sequencing (i.e., placing all cases requiring sedation "back to back" within a single location) and the time required for preprocedural assessment, IV starts, recovery time, and, in some cases, the need to move materials to another geographic location. Operational improvements (e.g., staffed recovery facilities, improved scheduling, and consolidated sedation clinics) could increase this number without need for added supervisors. However, additional nurses working simultaneously in more locations would require a reassessment of supervisory staffing. Prior studies of sedation for colonoscopy show that our department's approach is not radically different from those used by others. Martínez Palli et al. 8 provided details of nurse-administered propofol and remifentanil for 12,000 endoscopy procedures. "Practical training" started with an "observational phase in the presence of another professional nurse," in which "the nurse must attend a minimum e For example, U.S. Medicare has not previously paid an anesthesiologist or nurse anesthetist to provide monitored anesthesia care for screening colonoscopy. A proposed policy change by the Centers for Medicare and Medicaid Services would include reimbursement. Available at: http://FDshort.com/ MedicareChange2015. Accessed November 21, 2014.
